Abstract: Triple-negative breast cancer is a highly aggressive subtype of breast cancer. Frequently, breast cancer cells modulate their calcium signaling pathways to optimize growth. Unique calcium pathways in breast cancer cells could serve as a way to target tumorigenic cells without affecting normal tissue. Resveratrol has previously been shown to activate calcium signaling pathways. We use cell viability, single-cell calcium microscopy, and RT-PCR assays to determine the activity and mechanism of three different 4 -esterified resveratrol derivatives. We demonstrate that two of the derivatives reduce cell viability more effectively than resveratrol in MDA-MB-231 human breast cancer cells. The derivatives also activate similar pro-apoptotic calcium signaling pathways. In particular, the pivalated and butyrated resveratrol derivatives are intriguing putative chemotherapeutics because they are more effective at decreasing cell viability in vitro and inhibiting the plasma membrane Ca 2+ -ATPase, a protein that is often modulated in breast cancer.
Introduction
Breast cancer is the most common form of cancer in American women; in fact, one in eight women will be diagnosed with breast cancer during her lifetime [1] . Breast cancer is characterized, in part, by the presence or absence of three molecular markers: estrogen receptors, progesterone receptors, and HER2 [2] . Tumors that do not express any of these three markers are known as triple-negative breast cancer (TNBC) and are the most aggressive subtype [3] . In addition to its aggressiveness, TNBC does not respond well to standard chemotherapy, often becoming resistant to treatment. Therefore, it is important to identify novel chemotherapeutics with unique mechanisms to treat patients diagnosed with TNBC.
TNBCs have several unique modifications to calcium signaling pathways [4] . Calcium signaling occurs when the 100 nM calcium concentration of the cytosol ([Ca 2+ ] i ) is increased by an influx of calcium from the high calcium environments of the extracellular matrix (~1 mM) or the endoplasmic reticulum (ER) (~1 mM). Additionally, the [Ca 2+ ] i can be increased by decreasing calcium efflux from the cytosol [5] . Calcium signaling is important for coordinating normal cellular activities such as mitosis, apoptosis, migration, cell metabolism, and immune function [6] . Cells utilize calcium signaling to regulate such a wide range of activities by varying the subcellular location and duration of the change in intracellular calcium concentration. Also, the calcium-binding proteins present during calcium signaling events can change the cellular interpretation of the calcium signal [7, 8] . Since many of the cellular processes regulated by calcium signaling are modified in tumor cells, it is 
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RES Derivatives Decrease Cell Viability
Our interest in RES derivatives as potential chemotherapeutics and their pathways stems from the ability of RES to decrease cell viability in various cancer cell lines [10, 19, 20] . We utilized an MTT assay to determine the effects of RES derivatives on cell viability ( Figure 2 ) in MDA-MB-231 cells after a 48-h treatment with concentrations of 50 μM, 100 μM, and 150 μM resveratrol, 4′-butyrate resveratrol (BuRV), 4′-isobutyrate resveratrol (IsoRV), or 4′-pivalate resveratrol (PIV). Compared to the vehicle control, we found that RES, BuRV, IsoRV, and PIV significantly decreased cell viability in MDA-MB-231. We also demonstrated differences between the effects of RES and RES derivatives on cell viability. We found that BuRV and PIV reduced cell viability significantly more than RES in MDA-MB-231 cells (14.14% and 7.70% cell viability after 150 μM BuRV and PIV treatment, respectively, compared to 58.45% in RES at the same concentration, all relative to a vehicle-treated control). 
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RES Derivatives Decrease Cell Viability
Our interest in RES derivatives as potential chemotherapeutics and their pathways stems from the ability of RES to decrease cell viability in various cancer cell lines [10, 19, 20] . We utilized an MTT assay to determine the effects of RES derivatives on cell viability ( Figure 2 ) in MDA-MB-231 cells after a 48-h treatment with concentrations of 50 µM, 100 µM, and 150 µM resveratrol, 4 -butyrate resveratrol (BuRV), 4 -isobutyrate resveratrol (IsoRV), or 4 -pivalate resveratrol (PIV). Compared to the vehicle control, we found that RES, BuRV, IsoRV, and PIV significantly decreased cell viability in MDA-MB-231. We also demonstrated differences between the effects of RES and RES derivatives on cell viability. We found that BuRV and PIV reduced cell viability significantly more than RES in MDA-MB-231 cells (14.14% and 7.70% cell viability after 150 µM BuRV and PIV treatment, respectively, compared to 58.45% in RES at the same concentration, all relative to a vehicle-treated control). Resveratrol (RES) derivatives induce a decrease in breast cancer cell viability. MDA-MB-231 cells were treated with vehicle only (black), 50 μM (gray), 100 μM (dotted), or 150 μM (striped) of resveratrol (RES), 4′-pivalate resveratrol (PIV), 4′-isobutyrate resveratrol (IsoRV), or 4′-butyrate resveratrol (BuRV) for 48 h, and subsequently measured for viability with MTT. The data are representative of three biologic replicates conducted in triplicate. * indicates p < 0.05 compared to the vehicle control, ** indicates p < 0.01 compared to the vehicle control, # indicates p < 0.05 compared to RES at the equivalent concentration, and ## indicates p < 0.01 compared to RES at the equivalent concentration.
BAPTA-AM Mitigates RES-Induced Decreases in Cell Viability
Based on previous research, we hypothesized that RES-mediated decreases in cell viability are dependent on Ca 2+ signaling [16, 21] . In order to test this hypothesis, we measured cell viability in MDA-MB-231 cells after a 48-h treatment with 100 μM RES, BuRV, IsoRV, or PIV following a 15-min pretreatment with 10 μM BAPTA-AM (Figure 3 ), an intracellular calcium-chelating agent. The 10 μM BAPTA-AM concentration was the highest that could be tolerated without BAPTA-AM inducing significant decreases in cell viability in MDA-MB-231 cells in the 48-h assay (data not shown). After treatment with 5 μM thapsigargin (TG), a sarcoendoplasmic calcium ATPase (SERCA) inhibitor, cells pretreated with 10 μM BAPTA-AM markedly diminished the increase in [Ca 2+ ]i normally seen after treatment with TG (as determined by live-cell microscopy, Figure S2 ). We found that in RES-treated cells, compared to the control, the presence of BAPTA-AM attenuated the RES-induced decrease in cell viability by 25.1% percent. This result suggests that RES reduces cell viability through Ca 2+ signaling. Interestingly, we found that pretreatment with BAPTA-AM did not significantly affect cell viability values after treatment with PIV, IsoRV, and BuRV. 
Based on previous research, we hypothesized that RES-mediated decreases in cell viability are dependent on Ca 2+ signaling [16, 21] . In order to test this hypothesis, we measured cell viability in MDA-MB-231 cells after a 48-h treatment with 100 µM RES, BuRV, IsoRV, or PIV following a 15-min pretreatment with 10 µM BAPTA-AM (Figure 3 ), an intracellular calcium-chelating agent. The 10 µM BAPTA-AM concentration was the highest that could be tolerated without BAPTA-AM inducing significant decreases in cell viability in MDA-MB-231 cells in the 48-h assay (data not shown). After treatment with 5 µM thapsigargin (TG), a sarcoendoplasmic calcium ATPase (SERCA) inhibitor, cells pretreated with 10 µM BAPTA-AM markedly diminished the increase in [Ca 2+ ] i normally seen after treatment with TG (as determined by live-cell microscopy, Figure S2 ). We found that in RES-treated cells, compared to the control, the presence of BAPTA-AM attenuated the RES-induced decrease in cell viability by 25.1% percent. This result suggests that RES reduces cell viability through Ca 2+ signaling. Interestingly, we found that pretreatment with BAPTA-AM did not significantly affect cell viability values after treatment with PIV, IsoRV, and BuRV. 
RES Derivatives Inhibit Plasma Membrane Calcium ATPase (PMCA)
After demonstrating that RES derivatives induce increases in [Ca 2+ ]i, we further explored the mechanisms by which RES derivatives may be increasing [Ca 2+ ]i. [Ca 2+ ]i increases can result from Ca 2+ being retained in the cytosol due to impaired cytosolic Ca 2+ exit, more Ca 2+ entering the cytosol from internal or external Ca 2+ stores, or a combination of these mechanisms. Previous studies have shown that RES activates a rise in [Ca 2+ ]i by inhibition of the plasma membrane Ca 2+ -ATPase (PMCA) and/or by activation of G-proteins, presumably through RES binding to a member of the G-protein coupled receptor (GPCR) family [23, 24] .
To test the inhibitory activity of RES derivatives on PMCA, we utilized a protocol established by Samad et al. [25] . Briefly, cells were imaged in Ca 2+ -free media Hank's buffered salt solution (HBSS) to restrict any changes in [Ca 2+ ]i to Ca 2+ coming from stores within the cell. We pretreated cells with 5 μM thapsigargin (TG), a sarcoendoplasmic reticular Ca 2+ -ATPase (SERCA) inhibitor (SERCA is responsible for pumping Ca 2+ from the cytosol to the ER), 5 min prior to the addition of 150 μM RES, BuRV, IsoRV, or PIV. With SERCA inhibited by TG, any increase in [Ca 2+ ]i after RES derivative treatment could be attributed to PMCA inhibition, as Ca 2+ flows from the ER and accumulates in the cytosol with impaired exit to the extracellular space. In our assay, we calculated the AUC after treatment with RES derivatives to quantify the PMCA inhibition activity of each derivative. 
After demonstrating that RES derivatives induce increases in [Ca 2+ ] i , we further explored the mechanisms by which RES derivatives may be increasing [Ca 2+ ] i . [Ca 2+ ] i increases can result from Ca 2+ being retained in the cytosol due to impaired cytosolic Ca 2+ exit, more Ca 2+ entering the cytosol from internal or external Ca 2+ stores, or a combination of these mechanisms. Previous studies have shown that RES activates a rise in [Ca 2+ ] i by inhibition of the plasma membrane Ca 2+ -ATPase (PMCA) and/or by activation of G-proteins, presumably through RES binding to a member of the G-protein coupled receptor (GPCR) family [23, 24] .
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The Effect of RES and Derivatives on ER Calcium Signaling
In addition to exploring the effects of RES and derivatives on PMCA, we identified the effects of RES derivatives on other aspects of calcium signaling pathways. To determine whether RES and the derivatives activate the same Ca 2+ source(s) to increase [Ca 2+ ]i, we measured changes in [Ca 2+ ]i after treating MDA-MB-231 cells with RES, followed by RES derivatives 6 min later ( Figure 6 ). The derivatives did not induce an additional rise in [Ca 2+ ]i following RES treatment, indicating that RES and the derivatives mobilize the same calcium pool. RES has previously been shown to mobilize ER calcium; therefore, we explored the role of a pathway known to release calcium from the ER, namely, the phospholipase C (PLC) pathway. PLC cleaves phosphatidylinositol 4,5-bisphosphate (PIP2) to produce inositol triphosphate (IP3), which binds to the IP3 receptor (IP3R), a calcium channel that opens when IP3 binds to release ER Ca 2+ [26] .
We pretreated cells with 5 μM U-73122, a PLC inhibitor, 10 min prior to treatment with RES derivatives to determine the extent to which the increase in relative [Ca 2+ ]i induced by RES derivatives is dependent on PLC. We compared the AUC after treatment with RES or derivatives to cells that were pretreated with U-73122 prior to treatment with RES or derivatives ( 
In addition to exploring the effects of RES and derivatives on PMCA, we identified the effects of RES derivatives on other aspects of calcium signaling pathways. To determine whether RES and the derivatives activate the same Ca 2+ source(s) to increase [Ca 2+ ] i , we measured changes in [Ca 2+ ] i after treating MDA-MB-231 cells with RES, followed by RES derivatives 6 min later ( Figure 6 ). The derivatives did not induce an additional rise in [Ca 2+ ] i following RES treatment, indicating that RES and the derivatives mobilize the same calcium pool. RES has previously been shown to mobilize ER calcium; therefore, we explored the role of a pathway known to release calcium from the ER, namely, the phospholipase C (PLC) pathway. PLC cleaves phosphatidylinositol 4,5-bisphosphate (PIP 2 ) to produce inositol triphosphate (IP 3 ), which binds to the IP 3 receptor (IP 3 R), a calcium channel that opens when IP 3 binds to release ER Ca 2+ [26] .
We pretreated cells with 5 µM U-73122, a PLC inhibitor, 10 min prior to treatment with RES derivatives to determine the extent to which the increase in relative [Ca 2+ ] i induced by RES derivatives is dependent on PLC. We compared the AUC after treatment with RES or derivatives to cells that were pretreated with U-73122 prior to treatment with RES or derivatives ( We also tested the role of the IP 3 R in RES derivative-mediated increases in [Ca 2+ ] i [26] . We pretreated cells with 100 µM 2-aminoethyl diphenylborinate (2-APB) (an IP 3 R antagonist) for 10 min prior to the addition of RES derivatives. We compared the AUC after treatment with RES or derivatives to cells that were pretreated with 2-APB prior to treatment with RES or derivatives (Figure 7) . Treatment with 150 µM RES and IsoRV after IP 3 
RES and Derivatives Decrease Cell Viability through an Additional, Non-p53-Dependent Pathway
Our previous studies indicated that RES may decrease cell viability by increasing [Ca 2+ ] i which, in turn, upregulates p53, a pro-apoptotic protein involved in tumor suppression [24] . To determine whether p53 is directly involved in the decrease in cell viability induced by RES derivatives, we performed an siRNA knockdown of p53 on MDA-MB-231 cells. The cells were treated for 48 h in a vehicle, 100 µM RES, BuRV, or PIV. We then measured cell viability in order to determine the dependence of RES, BuRV, and PIV on p53 to reduce cell viability (Figure 8 ). We found that RES, BuRV, and PIV all reduce cell viability to the same degree regardless of p53 knockdown. This data suggests that RES and RES derivatives decrease MDA-MB-231 cell viability independent of p53.
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We also tested the role of the IP3R in RES derivative-mediated increases in [Ca 2+ ]i [26] . We pretreated cells with 100 μM 2-aminoethyl diphenylborinate (2-APB) (an IP3R antagonist) for 10 min prior to the addition of RES derivatives. We compared the AUC after treatment with RES or derivatives to cells that were pretreated with 2-APB prior to treatment with RES or derivatives ( Figure 
Our previous studies indicated that RES may decrease cell viability by increasing [Ca 2+ ]i which, in turn, upregulates p53, a pro-apoptotic protein involved in tumor suppression [24] . To determine whether p53 is directly involved in the decrease in cell viability induced by RES derivatives, we performed an siRNA knockdown of p53 on MDA-MB-231 cells. The cells were treated for 48 h in a vehicle, 100 μM RES, BuRV, or PIV. We then measured cell viability in order to determine the dependence of RES, BuRV, and PIV on p53 to reduce cell viability (Figure 8 ). We found that RES, BuRV, and PIV all reduce cell viability to the same degree regardless of p53 knockdown. This data suggests that RES and RES derivatives decrease MDA-MB-231 cell viability independent of p53. Figure 8 . RES and derivatives decrease cell viability independent of p53. p53 in MDA-MB-231 cells was knocked down by p53-specific siRNA (gray) and non-targeting siRNA (black). Cells were then treated with vehicle, RES, BuRV, and PIV for 48 h and cell viability was measured. There was no statistical difference between the knockdown and control cells. This data is representative of two biologic replicates each performed in triplicate.
RES Induces Upregulation of NOXA, TP53INP, and RPM2B Gene Expression
To further elucidate the potential pathway of RES and its derivatives, we performed an siRNA knockdown of p53 on MDA-MB-231 cells. The cells were treated with siRNA for 48 h and then with BAPTA-AM for 30 min when indicated. Finally, cells were treated with 100 μM RES or a vehicle control. After 6 h, RT-PCR was performed on several pre-apoptotic markers, including NOXA, TP53INP, and RPM2B. Previous studies indicated that these p53-regulated genes were upregulated in response to RES treatment [24] . In this study, we determine the RES-induced Ca 2+ dependence of these genes. Results indicate that regardless of p53 knockdown, TP53INP, RPM2B, and NOXA are upregulated in the presence of RES (Figure 9 ). The presence of BAPTA-AM mitigated the upregulation of these proteins in both the wild-type and knockdown MDA-MB-231 cells. This seems to be a further indication that RES (and possibly its derivatives) upregulates another pro-apoptotic pathway containing TP53INP, RPM2B, and NOXA through calcium signaling. RES and derivatives decrease cell viability independent of p53. p53 in MDA-MB-231 cells was knocked down by p53-specific siRNA (gray) and non-targeting siRNA (black). Cells were then treated with vehicle, RES, BuRV, and PIV for 48 h and cell viability was measured. There was no statistical difference between the knockdown and control cells. This data is representative of two biologic replicates each performed in triplicate.
To further elucidate the potential pathway of RES and its derivatives, we performed an siRNA knockdown of p53 on MDA-MB-231 cells. The cells were treated with siRNA for 48 h and then with BAPTA-AM for 30 min when indicated. Finally, cells were treated with 100 µM RES or a vehicle control. After 6 h, RT-PCR was performed on several pre-apoptotic markers, including NOXA, TP53INP, and RPM2B. Previous studies indicated that these p53-regulated genes were upregulated in response to RES treatment [24] . In this study, we determine the RES-induced Ca 2+ dependence of these genes. Results indicate that regardless of p53 knockdown, TP53INP, RPM2B, and NOXA are upregulated in the presence of RES (Figure 9 ). The presence of BAPTA-AM mitigated the upregulation of these proteins in both the wild-type and knockdown MDA-MB-231 cells. This seems to be a further indication that RES (and possibly its derivatives) upregulates another pro-apoptotic pathway containing TP53INP, RPM2B, and NOXA through calcium signaling. 
Discussion
In an effort to identify more efficacious, RES-based chemotherapeutics, we considered the effects of RES, BuRV, IsoRV, and PIV on cell viability, calcium signaling activity, p53, and pro-apoptotic markers in MDA-MB-231 breast cancer cells. Our data indicates that RES, BuRV, IsoRV, and PIV are effective at reducing cell viability, with BuRV and PIV reducing cell viability more than RES. While RES, BuRV, IsoRV, and PIV significantly reduce cell viability (as compared to the vehicle treatment), only RES-treated cells have cell viability restored when pretreated with BAPTA-AM. The ability of RES derivatives to induce changes in breast cancer cell viability, apparently independent of calcium signaling, may indicate that the 10 μM BAPTA-AM was insufficient to block the increase in [Ca 2+ ]i induced by the RES derivatives. Alternately, the RES derivatives may utilize a calcium-independent pathway to reduce cell viability, unlike RES.
PIV induced total [Ca 2+ ]i increases (as determined by the AUC) significantly larger than those induced by RES, which correlates with the increased effect of PIV on cell viability. Our PMCA inhibition assay revealed that RES as well as all RES derivatives under consideration inhibited PMCA in MDA-MB-231 cells, while only BuRV and PIV were found to be more potent inhibitors of PMCA than RES. Our IP3R and PLC inhibition assays also indicated that the RES and IsoRV-induced increases in [Ca 2+ ]i show some level of dependency upon IP3R stimulation, but not PLC stimulation. Overall, our data indicates that, much like RES, ER-dependent Ca 2+ release is utilized by RES derivatives to increase [Ca 2+ ]i. Although decreases in cell viability induced by RES derivatives were not attenuated by BAPTA-AM treatment, RES derivatives activate an increase in [Ca 2+ ]i. The experiments we conducted examining how Ca 2+ accumulates in the cytosol provide further information on how RES and RES derivatives may affect [Ca 2+ ]i and cell viability through the same pathway. However, it is unlikely that the molecular mechanism for RES and its derivatives is solely 
In an effort to identify more efficacious, RES-based chemotherapeutics, we considered the effects of RES, BuRV, IsoRV, and PIV on cell viability, calcium signaling activity, p53, and pro-apoptotic markers in MDA-MB-231 breast cancer cells. Our data indicates that RES, BuRV, IsoRV, and PIV are effective at reducing cell viability, with BuRV and PIV reducing cell viability more than RES. While RES, BuRV, IsoRV, and PIV significantly reduce cell viability (as compared to the vehicle treatment), only RES-treated cells have cell viability restored when pretreated with BAPTA-AM. The ability of RES derivatives to induce changes in breast cancer cell viability, apparently independent of calcium signaling, may indicate that the 10 µM BAPTA-AM was insufficient to block the increase in [Ca 2+ ] i induced by the RES derivatives. Alternately, the RES derivatives may utilize a calcium-independent pathway to reduce cell viability, unlike RES.
PIV induced total [Ca 2+ ] i increases (as determined by the AUC) significantly larger than those induced by RES, which correlates with the increased effect of PIV on cell viability. Our PMCA inhibition assay revealed that RES as well as all RES derivatives under consideration inhibited PMCA in MDA-MB-231 cells, while only BuRV and PIV were found to be more potent inhibitors of PMCA than RES. Our IP 3 R and PLC inhibition assays also indicated that the RES and IsoRV-induced increases in [ 2+ ] i and cell viability through the same pathway. However, it is unlikely that the molecular mechanism for RES and its derivatives is solely explained by calcium signaling. RES is a multifunctional small molecule that has been shown to activate several proapoptotic pathways [10] , and it is likely that RES derivatives do so as well.
This study is limited because we only used a single breast cancer cell line. Further studies are needed to determine the robustness of the chemotherapeutic activity of these RES derivatives. Ultimately, the objective of studies with RES derivatives is to discover derivatives that retain tumor-specific RES activity, but are not limited by bioavailability like RES. PIV seems the best candidate from this study to move onto preclinical and clinical studies because of its increased efficacy.
Tert-butyl modifications of chemotherapeutics have been previously shown to pass the blood brain barrier more easily than their non-modified counterparts. Further, the tert-butyl, or pivalate, group has been shown to be resistant to hydrolysis [27] . In this study, we demonstrate that PIV, a tert-butyl-modified RES derivative, significantly decreases cell viability and modulates [Ca 2+ ] i in MDA-MB-231 cell lines. TNBCs have uniquely modified calcium signaling pathways [28] and metastasize to the brain more frequently than other subtypes of breast cancer [29] . The properties of tert-butyl modifications to RES potentially make PIV a good candidate for the treatment of TNBC.
Our experiments identified RES derivatives that reduce cell viability more effectively than RES (BuRV and PIV) in MDA-MB-231. We demonstrated that BuRV, IsoRV, and PIV modulate the calcium signal, in some cases more so than RES. While lack of bioavailability stands as a major impediment to RES in clinical use, PIV and BuRV could potentially serve as chemotherapeutics because of their increased ability to decrease cell viability. Further study is required to uncover the cellular mechanisms that cause MDA-MB-231 cells to react differently to treatment with RES derivatives. Additional study is also needed to further elucidate the exact pro-apoptotic pathway of RES. As the viability-reducing mechanisms of BuRV and PIV are discovered, RES derivatives may be harnessed as potential non-toxic chemotherapeutics.
Materials and Methods
Materials
The MDA-MB-231 human breast cancer (HTB-26) cell line was purchased from ATCC (Manassas, VA, USA). The passage numbers of cells used in experiments ranged from 5 to 20. 
Cell Culture
MDA-MB-231 cells were cultured in Dulbecco's Modified Eagle medium (DMEM). DMEM was supplemented with 10% heat-inactivated fetal bovine serum (FBS) and 1% penicillin/streptomycin. MDA-MB-231 cells were cultured at 37 • C in 5% CO 2 .
Cell Viability
Cell viability was determined using an MTT assay. Cell cultures were plated at 10,000 cells per well in a Greiner Bio-One Cellstar 96-well plate (Greiner Bio-One, Monroe, NC, USA). Cells were grown for 24 h after initial seeding. After 24 h, cell culture media was removed and fresh media with treatments of individual RES derivatives at the indicated concentrations in 1.5% dimethyl sulfoxide (DMSO) were added. In experiments involving BAPTA-AM-treated cells, after the 24 h initial seeding time had passed, cell culture media was removed, and 10 µM BAPTA-AM in cell culture media was added. After 15 min, the BAPTA-AM solution was removed and fresh media with the indicated concentrations of RES derivatives was added. After 48 h, 20 µL of 5 mg/mL MTT was added to each well. Cells were then incubated for 3.5 h at 37 • C in 5% CO 2 . Media and MTT were removed, after which 150 µL of MTT solvent was added. Cells were agitated on an orbital shaker at 75 rpm for 15 min before absorbance was read at 590 nm with a reference filter at 620 nm on a BMG LABTECH FLUOstar OPTIMA plate reader (BMG LABTECH Inc., Cary, NC, USA). All experiments were performed in triplicate (n = 3).
Dharmacon, (Lafayette, CO, USA) was used to transfect cells with Dharmacon ON-TARGETplus TM SMARTpool siRNA. Transfection media was prepared according to the manufacturer's instructions and contained 8% FBS. The siRNAs used in this study were those for p53 (sip53, L-003329-00) and the non-targeting control siRNA (siNT, D-001810-10). All experiments had mRNA knockdown >70% at 6 h post-siRNA ( Figure S1 ).
PCR
Cells were plated at a density of 500,000 per Petri dish and allowed to adhere to the dish for 48 h. Cells were pretreated with 20 µM BAPTA-AM or 1% DMSO control for 30 min, then treated with 100 µM RES or DMSO control for 6 h. RNA was then extracted using Qiagen RNeasy Plus Mini Kit according to the manufacturer's protocol. Sample integrity was checked using an agarose RNA gel and nanodrop. RNA samples were used to create cDNA with an Applied Biosystems High Capacity Reverse Transcription Kit according to the manufacturer's instructions. Concentrations of samples were obtained using nanodrop data. PCR was conducted using the primers shown in Table S1 and the iTaq Universal SYBR Green Supermix. Samples were run in Step One Plus (Applied Biosystems, Foster City, CA, USA).
Statistical Analysis
The statistical significance, where indicated, was determined by a two-way analysis of variance (ANOVA) with Bonferroni correction. Statistically significant differences between RES or a derivative treatment and the vehicle treatment are indicated by * if p < 0.05 and ** if p < 0.01. Statistically significant differences between RES derivative treatment and RES treatment are indicated by # if p < 0.05 and ## if p < 0.01. Additionally, in experiments with siRNA treatments, * indicates p < 0.05 and ** indicates p < 0.01 in comparison to the vehicle control. # indicates p < 0.05 and ## indicates p < 0.01 in comparison to the non-targeting control.
Supplementary Materials: The supplementary materials are available online.
